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a «./ 2 a sits J: 3 c bfcw*« i ia«<Dta:ffl^sT 

[11*914] DMBITMaiiatt. ttSfliO. 0 5m 

0. 0 5 Atm^e 5 (imCD^tST*5uiS#Htt 

[M*B8] ffifleWK&fefiit4. ttII5Mfei^0©BSP 
■^frlcH^** 0 . 0 5/tm;!iit.5/(m©jct2fSP!ffl 

*-C4C^-©it#^ 0 . 0 5(tm*b5 nmT*$>K)®M& 

©&# t < £ ck -5 ceb ts nz> z. t z&m t -tz m&m 

[m$£ i i ] mizttmm o *muiz&m?z> c i & 
watt-raw** i fe«£©&ffl^mK±ffio 

[0 0 0 1] 

5fc©-c<<&&„ MCi¥U<«C©^HJ«ffi#©m^a 



[0 0 0 2] 

[0 0 0 3] iiI3T391&«35li^-5©«, AMfitC 
ibT^©1S#Tl4 7 0^ifi<S(I*»5aW!tt«ll©ttffi 

-r^^fefefijfflanr^-s. ^-rnfefeti^fcLfc^a 

i (iffl B * b #HRtt ©T# S JS H TffiffiW $8 SrltS 
[0 0 0 4] «?fft&AIb>fcBttftCD«£fett&tt*;a* 

77- (Scherzer) (Cj; D3H^££l.;£:;r7;i- — 

(O. Scherzer, Journal o f A 
pplied Physics 20 (1949) 20 

-29) . z.n\zmwfc*u>x*m^Tifefa-$z>%k. 

MmmiZtfyXf (t7*-AX) i:t5t*S©«i 
b TUx-T < 3 i ^ -5 & < <=> nfc^ft^f ijffl b © 

r**. #L<(4A^taB^#(c=k^>mafe© ; F#^ 

; r7*-iJ7s&\ZlE 1 &.m (s i ngiISM) KflHTrsiH 
[0 0 0 5] Z.O l/ftA»-«af»*ffll>ftI»ftO 

»tt<fcffia>K5XI-gjtlS8cs in (r (k) ) iff 

«n, -£-na*«£gs)3-r5 (#b<t4«©7-ux^ 
cttbSHtJlsn*) ©r**. rati] c-e-©A«:w 

[0 0 0 6] 

Hkl] 

sin(Y(k)), y(k) = ak 2 + bk 4 
t t 

[0 0 0 7] ^CTkt4iS^f h;UT. $p B l^jSfc(c 
Sfcr (k) f4U>XSrffllifcCi»C«t-5f* 
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(ytXh7t-^, r (k) =0) s 
inr (k) = 0<h&D> ««^0«bt^ft 

dOk^Ofj:^ s inr (k) ^Oi^DMM 

[0008] B6\tm^u>xn<oa>h^7. bfcmm 

* (CTF) ftSTBT*!)* U>XK:J:<&tt«>' 
7br (k) CDtH(C»41IPa«ffi=3 0 0 kV, ^SiR 
IM=3mm, f7^-iJX=0^^: o l^6®te 

§c 0 7tt3>h^hfiIH» (CTF) (DfirfflMf 
(a) ttiEfltCTF (ffiffltSSXnft^i*) , (b) 

[0 0 0 9] t^57fttffl3>h7XhfiiB» (ttffi 
CTF) , sin (r (k)) J4iEa«»feft:»H6a) 
t^t<k -5 k = 0 0 1 0 tJ^^o -r&to-feffi 

"T^o *fc«©ffi«««ftfli»fcs in (t (k)) t 

[0 0 10] H6<0®©ffifflCTF*«*«:MJCffij**« 
^«««©7-UX*««*IB7 (a) iz^lsfc* 4m 

7 (a) ti*Biij>n±oa«i«3&«ji*.*. cnmmm 

Tt^o s inW^tUT^ftl (k=0) 7? 

[0 0 11] chC5Tfebr (k) fc»T*ft=fiFtt**iE 
SHIS, s i n (r (k) ) #*&AttMfcc o s (r 
(k) ) KgofcSfirt*. 0 6CD®f^t^©H»tt 
[» 2D <D.k'5&»£UTV>*. 
[0 0 12] 
[$C2] 

MP > h 7* h fe3iPSC CTF) 

cos(y(k)), y(k) = ak 2 + bk* 
f t 



[0 0 13] H6<2»^6to*^«fc5lCC(D3>h^7 k h 
eiiMcos (r (0) ) = 1**616*0, L«£ 

c co c t f tsew s n* ft e> « <as $ n 
fc*5^o »K:»*ft**««tt*»3i(«iEU<iisan* 

[0 0 14] ffiffiSa««ltt±EOJ:5Jru>X^«fc* 
«<&IEffi£W (sin (r (k) ) ) S^ffi^W (c o 
s (r (k) ) ) \z^l7L, &^mt<D&Lfrte^%}fc-C 

( 1 . K. Kanaya, H. Kawakatsu, "Experiment on the 
Electron Phase Microscope", Journal of Applied Phy 
sics, 29, (1958) pp.1046-1051. 2 . J. Faget, M F 
agot, J. Ferre, C. Fert, "Microscopie electronique 

a contraste dephase", in Fifth International Cong 
ress for Electron Microscopy, Academic Press, New 
York, 1 (1962)A-7. 3 . C. Hall, Introduction to El 
" ectron Microscopy, McGraw-Hill, New York, (1966)26 
5-267. 4 . T. Thon, in Electron microscopy in ma 
terial science, Academic Press, New York, (1971)60 
3-613 5 . D. Parsons, H. Johnson, "Possibility of 

a Phase Contrast Electron Microscope", Applied Op 
tics, 11(1972)2840-2843. 6. D. Willasch, "HighRes 
olution Electron Microscopy with Profiled Phase PI 
ates", Optik, 44(1975)17-36.) . ^tlfcilfiT^tt? 

*<Z)56l8ttZ e r n i k e Offi«ft3t*8l««l (19 3 
5) 38««^«««K:*ViTjt«ir«*nft 

[0 0 15] ffi«SB««Oi«aBtt»«U>X«*© 
W4fKa*<Dffi«*w/2T6L; Altft (0#[hI#t 

fc»CTF*«iEKBI* (sin (r (k) ) ) frS&tt 
lS(cos (r (k) ) ) fc£*$n*0-e*S. & 

»#t->>'*;i< (V) \zttls CR3] <&<k5&fB*fcft 

[0 0 16] 
[f&3] 



9a .AJQ±Ma f a=0.9785xlO" 6 Vi 
^ Uo 1 + aUo 

[0017] [»3] ThH»i©*s, uo 

T^o 0S*.tf 3 0 0 k VJPiSTfck «*«t»C#L/JPS 3 
0nmtif^/2^My7h^l)o JifEOSIfflXSK 

h77H5Iit (SKTF) a#CTFtt 
sin (r (k))^cos (r (k) ) <7)l/>Xd3* 

cd c t f \z&^*oM&^mM^ttfa&&m*bTm^m 
&&gr<--mzmmrfmM-e<bz>o *#«*8 7 (b) 

ffl*«^«««r»4«3W*icffitrct3&«*3^ofc©-r 
*fc*«UTt>*OjK»ft«/hlBlC34*ck'5»Jll|-r$ffi 

[0019] ±K:a^fc»iitt««©«K:i»*»t«^ 

( 7 . H. Badde, L. Reimer, "Der Einfluss e 
iner streuenden Phasenplatte auf das elektronenmik 
roskopische Bild\ A. Naturforsch. 25a(1970)760-76 
5. 8 . W. Krakow, B. Siegel, "Phase Contrast in E 
lectron Microscope images with an ElectrostaticPha 
se Plate", Optik, 42(1975)245-268. 9. T. Matsumot 
o, A. Tonomura, "The phase constancy of electron w 
aves traveling throuth Boersch's electrostatic pha 
se plate", Ultramicroscopy, 63(1996)5-10.) ^\ & 
J-MM^ffl^;Wy7hS (10. P. Unwi 
n, "Phase contrast and interference microscopy wit 
h the electron microscope" Philosophical Transacti 
ons of the Royal Society of London, Ser. B. 261 (1 9 
71)95-104.)7^fI^£nT^3^\ ±EiBIU=»«MII 
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[0 0 2 0] 

[0 0 2 1] *<0fc»K*5B9!tt, A»fttf«ft«^« 

ms, #»«***tre»tt©#««4b«x»4«Ee»tt 

IH^fft^ 0 CDM □ (tJjfr^BLS** 0 . 0 5m b5/im 

g#0. 0 5 /zm^6 5 /imO**$tKR©M«« 
[0 0 2 2] MiffSMiiUtii, Aim 

#llll***tre*ttCD#»K«lf«X»4Ke*tto#» 

ftjKO^BBP+'L^CfiS^O . 0 5 jtim^b 5 /imOi: 

*a-c*P3o«-?«aaa**u, »ft^4»»»oo 

IBP*iWC«^jft<Dffi«S7ca6-&*ilg*«0. 0 5m 
m^6 5/Am©**STXno*a*K***b, U> 

x»m & m £ fc \tt<D'&)5 \z<z>& j d \zmw znzzt 

S fcftatS o f f - p 1 a n etttSOffit© 

te/hS&TL (#J*-fcf4 0 0 k VTteO. 5 Mm) , Snil 
«E©/hS&fc<0tt;*:*fc:?L 0 0 k vm2 

Mm) <h£££o 

[0 0 2 3] AW&tffta^iftOffifflft— « 

Jl*««X»4*e»ttfi!>#JI«m©«*#J: 0 ft* MI 

[0 0 2 4] 

[0025] i!i«i©a««***ja«»**»i 
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5to c»i] zm^T#tt><onz>. 

[0 0.2 6] 13 7 (a) . (b) CD Jttfctettf 

t>mm b x t» s * c t f fk^ & eg c Hit « 

ftSIIlTH5. SSWt'ia7 (b) *<S7 (a) t 

tC->7 hSf5uil:4 0, {4ffl1££bTIEb<<Il<. 
««8S*0»*ff4*'f 3E*f C T F tMCT F £J±t£ 
b. f<t*fiffl©S«->7l>AT (k) ©kft#tt,ib 
T*S-r*. *KH!fc«©»*->:7 h« (S3] Sffl^T 

c ^ vtzjs&zm* ammaimmmmzmm ufcts* 

[0 0 2 7] $f^t< 2 0©If^ITS!n5. S§— 

tmmmmm (ioo ot?/A 2 ©,m»t»T3 oara 
as#t) ©^bfcJt^nfcfrfo***. c©ii£B$£{fc©&*© 
a * it&m.f b fc «t rn^ifii ? ^ > 

fftacMKCt ^ tf - A S TfT o (EM£#* 
[0 0 2 8] i£3Tjfe#»fflHHttbT*>(fctl«#«tt 

jEft©^ms5Kbfc 0 ^fc^Mti^-rbfeffltfiw^© 

e»t4t'-AS^©&ffl«»;J;?.*ffit#-5®j^mT«* 
■StJEten*. S?»i£«2*m j f tCJ:^.IE7Li:Slt1l 
^ji@C«k5IlS*^fflffi©»>^A-5>X©±C^0 

5LoTfeo. ^<Dwm&j-w\*$.tci£m.mz?s-2T^is. 
*s©^^^&^-rftfi«ti^i:stjn-5. 

[0 0 2 9] ^£i&HS£|!gC/jNSft»W&m#ttS: 

©<ww. 5FW»©»j»3j«*a-c**. 



SCTFHlfc. ffcoT#ftJl&*Blf1sH©ft*ib 

t LT-wsmmtoftMmfcmmnmAmttmt br 

[0030] ^t«/jNta«»w#«*tt©»»ftt#tt 
('o^T%^tfet/^ 0 8 fc^-r^?g^©#astR© 

«mffi«S©4$&«»gIEBt r (k<h*fJS) ^t<&5 
k:^n2*fl»wc*fl:l/rv»-B. c©*mft^«»jW 

3£-r-5 0R3) W:iIfflT*#&t^\ Mlitffly7h 

[0031] ^c. sia*»ftr-6fc*©*aftRK-r 

1 ^/t-y^-ffiTf^S. *M&«0K: 

fiJTf 3fc©-e&3„ iK0^n8P©+*C«/jN$^:?LS: 

[0 0 3 2] C'SLTf^SS^nfcfiC^m^^fflffi 

tsmz-z © * s mj-mum \zt$ a b t *> mw \tm v ^* 
«©&*«« fcw*fcv\, *ntt£«5f -i?»*bfc«* 

£n§l*< &«>«*«© 1 0-10 OgSSOfff- 
AT*10»~3 0 5i-|Blfiffl«Sr*MfiSI*-r-5i^^* 

(cm^b , -A©-a5^{±tg«tr^ttxiitj'i!i«)Ss^fe 

t if tf- A © m T2r ©IjfcT-t? a C T Z> t\ 

[0033] mz. BmtiLiGtfLoftMmz-D^xwtm-r 
z>. m 1 \tt&mz&2>&tem&?mmmmwm&mm 
o>mm<DMm$:3iw-rz>fcit><Dmx$>io> ntnmm 

[0034] ffiffi^aflkA^ffiffisaBi 1 ©«fc 3 

ii^2T**t). f^>»-St/h©7L3*t@H^T^«). 7L 3 © 
A^$«SWtcJ;i3. 0. 0 5 *imj&>€> 5 (imffl^fS 

so^w^wtt^^bftttntfjisft^. 2-^©^ 
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[0 0 3 5] Hlfc«t"*^a3©fPBJd«0*ftK:J| 

CGQ^rffiTO. 0 5 jtim^5 /im©JL*HU**©tt 

0. 0 S um(DMFl<Dmm^}^:m^. 0*7t£ 

[0 0 3 6] WRtt««0)*ffttAttKCr?(f)TR 

«XD0T*!K (a) ttttfflfi^TSI/>X©«Mffi 
±^<S«fc5^iB«Ufe in-plane ffi, (b) tt 

off-plane ffiS^f « H3lio f f-p 1 an 

e.tttcfc**fiR«*« (w:io on^mmm® 

S^t* BIT* 0 , ffifflfitt 2 4 n m#iMt£i«f*IRT(ft 
«'>7Mi»0. 4tc, (a) tttt««*4^©«IM* 

©a>h77h£IiM, (b) li+MOXna 

[0 0 3 7] ti^J»«ffi«tEft^U>XSk«jfllHfc 
»1/£5E1T5*^ 0 2 \Z^£ o\z2 ~Z><DgfcZ> 
l'pfififflffi^iMIlilf, o*hj#t 

ft£T£4^?LTffiafi ( i n - p 1 a n e 

?S, H2 (a) ) o t>3 10J4tt««t**jftHO*IC 

•lt«s, tpitaoia^ftftEJwfp**^ (off 

— planed 02 (b) ) 0 off-planed 
Tte 0 «Xttffiffi«--«MjAB<Z>EttK:« CTtt««* 
»&*¥«T««J*C<fcfc:&*. in-planeST 
«ttffi«»tfflitte«$n5^, o f f - p 1 a n e 

fc&M fc fr * . 
[0 0 3 8] ffi«a«*««fcHTi:OJ:3K:*n*3&^4 i 
n-planeS (02 (a)) toff-plane 
j£ (0 2 (b) ) 0fc»ttfttt«-rntfto*>*. JA^S 
«T— «ttffi«*«#«&n<5jST in-planeP 

^>^>h^lbK fni:< e^o f f - p 1 a n e 
[0039] 03 (a) Cof f-pla neS^i^ 

Tatufe^isgsioifiMft^^bfeo fits 

W2 4nmIW B SM$itO. 4 tc tfMiffl > 7 h 
^4^.fCo fitfLtt WU-A) JRm-f ^">tf-A«« 
tfmSlltffc. 7LCQjtRSte0 3 (b) CDiR* 
-f *>tr-A«tt««T*»fc. 0 3 (a) T«"T*'i> 



*^>o * n*no»»t 7 - y i»tntf 3 > h 57 

hfiitUgfc (CTF) **»&tt*ai, ^«ilO*^?Lrt 
OCTF^SCTF (cosSD ^4>MWCTF 
HMCTF (s inS) SSLT^fc. &*5*^?L# 
(Z)CTFTt44 , ^>tC2^CD|H/VhH$:|^66^^, Z.tlit 
*^aa*CD«T*t) t C<Z)SB^<Z)««^jl««ffi«(l 
Jfc^5fefrn£o ta1"ftfc*J: o f f - p 1 a n e 8jj&t31 

[0040] wz&ttmmonmm&TK?. H4att« 

S«^WMMft*S"reu (a) ttifU y F±T*l»fi 

(b) \tmte&m&<Dtfv v H±o7i'j? i >»f©tt 

fflf«tl«if«UMlT*0, H 5 
it^fflt, 3KX«ai& (04 (a) ^> (b) tc* 

i *JRil3fi««R«ffl*«^ T & Z> . 

[0 0 4 1] ti>7Lfifflfi^l ^T«? 7 >ftMbfcI 
fiS, 7xUf> (Ii»12nm, »fi45^ + 

Mtag6nmcD8ft»tt) satfltu &mmmm 

«£ffi««K«£Jt«l,fc. ffi««tt2 4nm»<D#MI 

[0042] 0 4 3 0 0 k v«ffi£+^?uaffi1g*i¥ 
Al, o f f -p 1 anettT»ofc7xUf>Ofifi 

fctS«*Slfc. H-^J!yH±©7x'Jf>»?« 

t<& § o c nttft*o izm^tc &o\z\%£.hjE (omKizm 

[0 0.4 3] 04 (a) (b) 0 2M (ffifflMfc 

>X©CTFSR<Ct^TfS. c<z>*fttta*«a 

1 4 3 9f r«*«^ttffljs6, J:tf*Xl5l 
#fggj ) iPftf*lffiffl«tt<0*ffl©10*:^ C©7? 

IMMfcTS*. 0 5£:7iU^>#?<&«*ea«K«fc£ 
*©»^*KMJCffiffl«*©*S:^AyT^* ^ £ SIIBE 
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[0 2] *^TL»«ffitt«OE«ft*tt*-r*fc»<0 
[03] off-plan e ffii^cfc«>*a»64lSK 



[0 4] 
[0 5] 

[06] «?U>X*OZi>h^^NeaM» (CT 
F) £tt91T*fc»<0HT**. 
[0 7] n>b^;* hfcifHISc (CTF) <£>teffl«lf¥ 

[0 8 ] ^§«(&#«ffliK£^THT*£u 
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C^ttHliE 1 ] 

[W#B4] MG«?«i3jj|?L». 11*5 0. 05n 



0. 0 5 (im*5 5 Mm©±^$Ta5-5Ci: : £#ii!tT 
3IH#3t 5 IE«©feffi^m?SSa^ffl^JiG!:ffiffi. 

ft, S^a^©^U>XSrjljib7 t cS^©aS§{Ci2 
[MM 8] fflEWNfMBCtt. tt^HHK©'*' 

iii§i-5m?js©sffl&7riie»-a--2>iti6t'. si^o. 
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[¥^MIE 2 ] 

[*|IE*!HMFM«] BJ^fflg 

HWE»*ySS«] 0 0 2 1 

co o 2 i] -€-©fc*{c*^^tt, mTmmmowtoi' 

tt. *S^*«tt©#|s»**K©*^#©«R«fc0&* 
ut^ftb, WEWRfclftgtfO. 0 5/im*f,5 
iim©^€$-eKR©a/jN^A^S^^ja?LSr*b. 

MrSBSl^lC. m^iS©affi&7riie,-<±-2>fcis6 

«m £*tffl L fc - 1 SW* £TZ t> ©T* « . 

H*iE*«U3ll*] 0 0 2 2 
[ffiiEl*!^] 

[0 0 2 2] *&. ttflSl?mM&l/TH, SfStt 



0#M4Mt. *fc»4. «»©««tt©#ft**»Jl©tt 

dmi>b 5 Atm©^:$^TKR©m^jlia7L$r : tb. 

•a^31S§4"^gB^jlii-r-5m : fiS©ti:ffl2: 

jcaece-^/tJ&t. as^o. o s umfrzs nm-?$> 
**ft«m*itsiu. i^>x«*j£e* &»«■©»>&£ 

©77-f *>h#KSi&fc«>. *ft*tt*of f-p 
1 a n e§lf&ffifflffiS©/fcJ&*Kfc*#£<!:&:5. —AS 
fcJPa«ffiO^*&"b©«/h*&7L (#J*.fc£4 0 0 kV 
-mo. 5 Mm) . anj£«EE©/h£&&©te*#&?L 

(WAtfl0 0kVTI42jtm) £:fc-S>. 

[f^fiIE4] 

[ffiiE*fgiSfSi£] Btllft 

HmE*MMIg£] 0 0 2 3 

[ffiE^ffi] 2£M 

[UtiErt*] 

[0 0 2 3] m^S^©*f»b>X*jligL 

fe«?©3iss(c@sfisn^»^i^iS-e*oT. ^m± 

©INUKfefl. £fcfct, «*©^«14©^S»t)S©« 
O £ tt tt -5 1) ©T* 5. 



